Abstract-The Constellation Program (CxP) is composed of an array of vehicles used to go to the Moon and Mars.
INTRODUCTION
The Ares vehicle goes through several areas and stages of processing before it is launched at the Kennedy Space Center. In order to have efficient and effective ground processing inside and outside the vehicle, all of the ground processing activities should be analyzed. This analysis will include the human interfaces with some combination of these CxP Systems: Ares flight hardware, Orion flight hardware, ground support equipment, ground support systems and personnel. The paper focuses on the collaborations between KSC, Marshall Space Flight Center (MSFC), and Alliant Tech Systems (ATK). The focus of the 1 978-1-4244-7351-9/11/$26.00 ©2011 IEEE. 2 IEEEAC paper #1022, Version 3, Updated January 12, 2011
paper is the use of Human Factors techniques to infuse operability into the vehicle design. Ultimately, the end result is to improve ground processing of the Ares-1 Launch Vehicle. The type of interaction between design centers outlined here was also beneficial in that it created an understanding of all the challenges associated with the design, manufacturability, and ground processing of the Ares vehicle sub-system components. 
SE&I HUMAN FACTORS REQUIREMENTS
The CxP Level-2 Human Systems Interface Requirements Document (HSIR) was allocated to the Level-3 Ares Project to make sure that human factors principles were leveraged to improve the Ares flight hardware for efficient and effective ground processing. [4] The responsibility to verify the requirements for the flight hardware design was the responsibility of the flight hardware designers of Ares located at MSFC. These ground maintenance and assembly requirements in the HSIR included human factors major concerns for: ground processing hardware access, work envelopes volumes, reach envelope volumes, ground crew visual access, LRU weight limit, tool clearances, appropriate clothing and equipment, emergency egress, maintenance without damage, and ground support equipment designs.
The mockup analysis test objective is to verify that these requirements were being met for the Ares launch vehicle.
PROCESS FOR MSFC AND GOP MOCKUP ANALYSIS
Prior to start of the project, a simple task analysis was done to first identify all tasks that would be performed in the Ares forward skirt. Twenty tasks were identified and from these twenty tasks, we proceeded to pick tasks that would encompass all tasks in terms of space allocation, extreme movement, bending, time, and human fatigue. The final listing included tasks such as installation of the step pads into the volume, ingress / egress in an emergency situation, and installation and removal of specific pieces of hardware.
The mockups and mockup accessories needed for the analysis were discussed and developed by our Design Integrated Product Team (IPT). The IPT included experts from ATK, KSC, and MSFC. Although several other mockup articles were used during the Ares development, this paper we will only cover the Forward Skirt (FS) configuration. The FS mockup consisted of a flight shell with peg board surrounding the inner wall of the part. Avionic boxes of various sizes were fastened to the inner wall using Velcro. A simulated set of access pads were placed on a dome protruding up into the volume to make the floor flat for technician access. The size of the volume was carefully calculated to simulate as close as possible real time working conditions. The completed test setup included: avionic boxes mounted to the wall, ground support equipment and personnel, as well as s coordinated test plan. See Figure 1 , Ares Forward Skirt Mockup.
Once the mockup was completed, a pilot test was performed to make sure everything worked the way it was intended. The test plan included specific objectives discussed by the team to identify potential areas targeted for redesign, process change, and or degree of technical difficulty.
Trained aerospace ground processing technicians and engineers were present to make evaluations throughout the development, pilot tests, and real-time testing. During testing, still photos and videos were taken for future human factors evaluations.
Adjustments to the test setup were done on the spot to determine the optimal flight hardware configuration. During the testing; Human Factors Engineering (HFE), technicians, Mechanical, Electrical & Ground Support Engineering observed the activities. Once all of the testing was completed, round table discussions took place and the data was reviewed to ensure the team had collected all data accurately. We also wanted to make sure that we were all in agreement on the results and conclusions and that we had met all test objectives. 
EXAMPLES OF GROUND TO ARES INTERFACES

Ares Forward Skirt Mockup
Placement of avionics boxes is a very important aspect in human factors engineering analysis. As shown in Figure 2 , the interior of the forward skirt had several avionics boxes. The analysis determined the best locations for these boxes, based on weight of the box, tool, and hand envelopes of work space. In some cases, when active cooling is used in aerospace vehicles, placement of the boxes on cooling devices known as cold plates is critical because it is important not to damage the cold plates.
Figure 2 Interior of Ares Forward Skirt (AFS)
Ground Support Equipment in AFS
Ground support equipment must be installed to help protect the technician from injury, and to help protect the flight hardware from damage in the Ares. As seen in Figure 3 , the ground support equipment acts as a seat, and as a place for the technician to rest the feet. As can be seen this space is cramped because of the spacing between the floor and ceiling. There is little that can be done to change these dimensions in rocket design, so adjustments were made to the ground support equipment as well as adjustments to the box placement heights to obtain the optimal locations of the boxes, and the optimal design of the ground support equipment.
Figure 3 Ground Support Equipment in the FS
Hatch and Box
When boxes are removed from the avionics bay, they are then removed from the FS through the hatch, as seen in Figure 4 . Every box that is installed in the Ares must be able to translate through this hatch without causing damage to the vehicle or injuring the technician. The process of removing the box from the inside wall of the FS, moving it to the hatch, going through the hatch, and moving it to a location outside the vehicle was all evaluated during the testing. Additional ground support equipment or protection devices were needed at this interface to protect the top and bottom of the hatch opening.
Figure 4 Hatch and Box
Box Transfer through Hatch Figure 5 shows how transferring through the hatch was simulated. As can be seen, it is not an easy position for the technician within the vehicle especially if the box weighs in excess of 20 lbs.
Figure 5 Box Transfer through Hatch
Emergency Personnel through Hatch Figure 6 shows how emergency rescue with their equipment was analyzed going into the vehicle through the hatch.
Although not shown, egress was also simulated. In this analysis, the exterior platform height was analyzed as well as the interior ground support equipment and surroundings for adequate translation of emergency personnel.
Figure 6 Emergency Personnel through Hatch
Recovery of Injured Technician through Hatch
Figure 7 shows how the rescue of an injured technician was analyzed. This operation required several rescue personal to safely remove an injured technician from the Ares vehicle. The evaluation of this scenario validated that this operation can safely be preformed, and the analysis also helped operations to determine the optimal rescue personal techniques for this configuration.
Figure 7 Recovery of Injured Technician through Hatch
Technician Egressing Hatch Figure 8 shows a snapshot of the simulation used to determine the ingress, and egress of technicians during nominal work. Also an analysis was performed to verify that multiple technicians could safely egress during a simulated emergency. (4) Physical mockups can also be used for training, and developing detailed work instructions and training tools. Video and infrared motion capture can improve the proactive training materials so while designs are being evaluated and improved, knowledge gained and files collected from the same motion capture effort can be used to develop training and work instructions.
(5) Employ qualified human factors person/s on the design team from the beginning of the Project.
(6) Human factors engineers should perform the human factors assessments as embedded members of the design teams.
FUTURE PLANS
(1) Continue applying these processes and collaborations to future NASA missions in the 21 st Century.
(2) Promote more standardized and integrated mockup processes and designs between KSC, MSFC, and JSC.
(3) Promote sharing of mockup across Centers and projects.
(4) Embed mockup analysis as part of the Engineering processes, as one option to choose from for the appropriate human factors engineering analysis.
(5) Introduce motion capture analysis capabilities into mockup activities, [2] . See Figure-9 . Motion capture allows for quicker and simpler physical mockups, and the computer models will include the CAD flight hardware and human Avatar which envelope spaces between the human and flight hardware can be viewed, and the stresses to the human can be computed.
(6) Mockup standards will be developed for follow-on programs.
(7) Future mockups should also include more collaboration with the ground support equipment, such as the flight and ground interface at the umbilical plates and the ground commodity connections to flight hardware.
(8) Combine the Human Factors standards needs for; crewed vehicle, launch vehicle, and ground processing of these vehicles into the NASA STD 3001, to promote better NASA human factors Systems Engineering and Integration in future programs.
(9) Employ the human factors systems engineering processes and lessons learned from Ares-I to future launch vehicles.
(10) Develop innovative ways to improve the designs for improving the ergonomics for low standing room, going through hatch, and performing maintenance tasks while working inside the interior of the rocket. 
CONCLUSION
There was great progress made during CxP Ares development mockups, and more importantly with the collaboration between the Ares Project and Ground Operations Project. The most difficult and time consuming aspects of CxP were during the forming, storming and norming stages, to get to the performing stages where we are today. Now that this has been accomplished, these efforts for human factors interface collaborations to improve the flight hardware, ground hardware and human interfaces will continue to improve and carry over as we lead the nation in developing spacecraft systems for future missions.
